The microwave-assisted Michael addition reaction of sulfonamides 1 to α,β-unsaturated esters 2 was carried out in the presence of a catalytic amount of magnesium oxide (MgO) and with the ionic liquid 1-butyl-3-methylimidazolium bromide ([bmim]Br) as a recyclable solvent affording N-alkyl sulfonamides 3 as well as N,N-dialkyl sulfonamides 4 in short reaction times.
Introduction
Room temperature ionic liquids have emerged as a new class of stable and inert solvents. This family of ionic compounds features interesting properties as compared to classical solvents: High thermal stability, high polarity due to their ionic nature, and the ability to dissolve polar and nonpolar organic compounds.
1 Moreover, their immiscibility with some solvents and their very low vapor pressure make them very good solvents for both extraction and recyclability. 28 Magnesium oxide has been used for benzylation of aromatic compounds, 29 transesterification, 30 aldol reaction, 31 intramolecular Tishchenko reaction, 32 synthesis of chiral epoxy ketones, chiral nitro alcohols as well as Michael adducts, 33 etc.
With the above objects in mind and in continuation of our previous research on aza-Michael reactions, 20a,20g we report herein our results on the aza-conjugate addition of sulfonamides 1 to α,β-unsaturated esters 2 using MgO as catalyst in [bmim]Br (1-butyl-3-methylimidazolium bromide) under microwave irradiation. By this method, N-alkyl sulfonamides 3 were obtained and in very low yields N,N-dialkylated products 4 (Scheme 1). 
As a model reaction, the catalytic potential of some inorganic and organic bases was investigated for the Michael addition of benzenesulfonamide (1a) to n-butyl acrylate (2b) in [bmim]Br under microwave conditions (Table 1) : Bu 3 N and DABCO (1,4-diazabicyclo[2,2,2]octane) gave low yields of the N-substituted benzenesulfonamide 3ab; CaO, Cs 2 CO 3 , t-BuOK and basic alumina afforded moderate to good yields of 3ab; the most efficient catalyst was MgO. In all cases, the selectivity was high, the N,N-disubstituted Michael adduct 4ab was obtained only in low yield. In another study, the reaction of benzenesulfonamide (1a) with n-butyl acrylate (2b) in the presence of MgO was examined at different microwave powers (100-600 W) with controlled temperature (max. 110 °C). The best results were observed at 300 W. In order to determine if the ionic liquid was an essential factor to promote the Michael reaction, the model reaction was carried out using traditional solvents (Table 2) : With classical solvents the reaction times were longer than those in ionic liquids. Also, the yields were lower than those in ionic liquids. Evidently, the ionic liquids accelerated the reaction.
To establish the generality and applicability of this method, some sulfonamides were added to structurally diverse α,β-unsaturated esters to furnish selectively the corresponding mono-and dialkylated Michael adducts in short reaction times. The results are listed in Table 3 . Some structural effects of α,β-unsaturated esters on the Michael addition reaction were also studied. Lower yields of products and longer reaction times were obtained when benzenesulfonamide (1a) was added to sterically slightly more congested α,β-unsaturated esters (1a) as well as of naphthalene-2-sulfonamide (1c) with ethyl crotonate (2g) afforded only monoadducts 3ag and 3cg, respectively (Table 3 , entries 7 and 9). Ease of recycling is a useful feature of ionic liquids: For the reaction 1a + 2a → 3aa + 4aa no significant loss of product yields was observed when [bmim]Br/MgO was used after three times recycling.
Conclusions
The Michael reaction between sulfonamides 1 and α,β-unsaturated esters 2 can be effectively performed in the ionic liquid [bmim]Br under microwave irradiation. This new method for the synthesis of N-alkyl sulfonamides has the advantage of high yield, high selectivity, short reaction time, ease of product isolation, potential for recycling of the ionic liquid and the catalyst as well as compliance with green chemistry protocols.
Experimental Section
General Procedures. All chemicals were obtained from Merck or Fluka. The ionic liquids were prepared according to reported methods. 34 All reactions were carried out in a CEM MARS 5 TM microwave oven. Silica gel SILG/UV 254 plates were used for TLC. Spectra were recorded with the following apparatus: IR spectra with Shimadzu FTIR-8300 spectrophotometer; 1 H NMR (250 MHz) and 13 C NMR (62.5 MHz) with Bruker Avanced DPX-250, FT-NMR spectrometer; mass spectra with Shimadzu GC MS-QP 1000 EX. Microanalyses were performed with a PerkinElmer 240-B microanalyzer. The refractive index was measured using a Schmidt Haensch apparatus. Melting points were recorded with a Büchi B-545 apparatus in open capillary tubes.
Michael addition of sulfonamides 1 to α,β-unsaturated esters 2. To a mixture of sulfonamide 1 (2 mmol), well-ground MgO (0.02 g, 0.5 mmol), and α,β-unsaturated ester 2 (2.2 mmol) in a microwave vessel was added [bmim]Br (2 g). Upon thorough mixing the mixture was irradiated in a microwave oven at 300 W at a maximum internal temperature of 110 °C for the time given in Table 3 . Upon completion, the reaction mixture was cooled to room temperature and extracted with Et 2 O (3×25 mL), and the organic extracts were combined. After removal of the solvent, the crude product was purified by column chromatography on silica gel with EtOAc/n-hexane (1:3 7, 66.6, 126.9, 128.2, 128.4, 128.6, 129.2, 132.7, 135.4, 139.9, 171.7 3, 43.9, 65.5, 126.2, 127.7, 128.1, 128.9, 129.5, 131.8, 134.4, 137.8, 171.4 38.8, 65.8, 122.6, 122.9, 126.6, 126.9, 128.1, 128.6, 129.0, 132.7, 134.6, 139.9, 171.7 m, H PhC ), m, 3, 4, 7.94 (2H, m, 2, 6 -H PhS ); 13 C NMR (CDCl 3 ): δ 33. 8, 43.2, 65.4, 122.4, 123.0, 126.7, 126.9, 127.9, 128.5, 129.4, 132.4, 134.1, 139.3, 171.5 ; MS: m/z (%) 400 (7.9, M-C 9 H 9 O), 392 (27.1, M-C 6 H 5 SO 2 ); Anal. calcd. for C 30 H 31 NO 6 S: C, 67.52; H, 5.86; N, 2.62. Found: C, 67.40; H, 5.71; N, 2.78 . 14.7, 39.6, 45.4, 60.8, 126.8, 129.1, 132.5, 139.9, 174.7; MS: m/z (%) NO 4 S: C, 53.12; H, 6.32; N, 5.16. Found: C, 53.31; H, 6.57; N, 5. 18.9, 21.3, 30.3, 34.1, 38.7, 64.5, 126.9, 129.6, 135.8, 143.2, 172.7 13.6, 19.0, 21.4, 30.4, 33.9, 45.0, 64.5, 126.9, 129.5, 135.9, 143.5, 172.5 40.6, 46.7, 60.7, 122.3, 127.5, 127.7, 127.9, 128.1, 128.3, 128.8, 129.2, 129.5, 132 .1, 171.1; MS: m/z (%) 321 (20.9, M + ); Anal. calcd. for C 16 H 19 NO 4 S: C, 59.79; H, 5.96; N, 4.36. Found: C, 59.90; H, 6.11; N, 4.51. 
